Introduction. Cesarean delivery rates are rising due to multiple factors, including less use of operative vaginal delivery and vaginal birth after cesarean delivery, which often reflect local obstetric practices. Objectives of the study were to analyze the relations between cesarean delivery, these practices, and perinatal outcomes. Material and methods. We included all deliveries in the 72 hospitals of Lombardia, a region in northern Italy, during the year 2013. The delivery certificate was used as data source. Pearson's correlation coefficient and logistic regression were used for statistical analysis. Results. We included 87 896 deliveries. The number of deliveries per hospital ranged from 140 to 6123. The rate of cesarean delivery was 28.3% (range 9.9-86.4%), operative vaginal delivery 4.7% (range 0.2-10.0%), and vaginal birth after cesarean 17.3% (range 0-79.2%). We found a significant inverse correlation between rates of overall cesarean delivery and operative vaginal delivery (r = À0.25, p = 0.04). The correlation between rate of overall cesarean delivery and vaginal birth after cesarean was also inverse and significant (r = À0.57, p < 0.001). There was no association between overall cesarean delivery rate and the rates of Apgar score at 5 min <7 in term and late preterm neonates (r = À0.92, p = 0.46) and of perinatal mortality (r = À0.19, p = 0.13), respectively. The associations were independent of hospital volume of activity. Conclusions. An obstetric practice that encourages vaginal instrumental delivery in delayed second stage of labor or vaginal birth after previous cesarean delivery, could reduce the rising cesarean delivery rate. This will require a change in obstetric culture, continuing education of healthcare providers, and leadership.
Introduction
Cesarean delivery (CD) rates have been rising rapidly in many high-income countries. Recently, the World Health Organization confirmed that there is no substantial benefit on maternal and neonatal mortality associated with
Key Message
A strategy that encourages vaginal instrumental delivery and vaginal birth after previous cesarean delivery could reduce the rising cesarean delivery rate. CD rates >10%, after controlling for socio-economic conditions (1) . During the last 10 years the CD rate exceeded 30% in the USA (2) and reached 25.2% in Europe (3) . This phenomenon is also manifest in Italy, where CD rates have increased over the last 30 years, from 11% (4) to 35 .5% (5) .
The increase of this surgical procedure may reflect an inappropriate clinical practice, including use of intrapartum cardiotocography in low-risk women (2, 6) , as well as demographic changes, including an increase in maternal obesity (7) , advanced maternal age (8, 9) , assisted reproductive technology (10) , and multiple pregnancies (11, 12) . Other socio-economic, medico-legal and health service reasons are also involved in this phenomenon (13) (14) (15) .
Moreover, physicians' attitude is an important barrier to reducing the CD rate (16, 17) . Many obstetricians do not perceive a high CD rate as a problem; hence, they have limited interest in changing their clinical practice and they are resistant to external efforts (16) (17) (18) .
The American College of Obstetricians and Gynecologists (ACOG)/Society for Maternal-Fetal Medicine (SMFM) consensus on "Safe prevention of the primary CD" (2) concluded that, in the presence of abnormal progress of the second stage of labor, operative vaginal delivery (OVD) by experienced and well-trained physicians is a safe and acceptable alternative to CD. However, the rate of OVD has decreased (9) . The obstetricians' motivation to offer OVD during delayed second stage is related to his/her previous training, experience, expertise with these procedures, and workplace culture (16, 18) .
A repeated CD constitutes 30% of the overall CD; also a declining rate of vaginal birth after cesarean delivery (VBAC) is a cause of the rising CD rate (17) . Observational studies indicate that a trial of labor after cesarean (TOLAC) is safe and usually results in vaginal birth, with a relatively low risk of maternal and fetal complications (19) . Nevertheless, many physicians prefer to propose scheduled repeat CD, regardless of the associated higher frequency of maternal complications. Maternal uptake to TOLAC is strongly correlated with the probability of VBAC, and it is influenced by the physician's recommendation based on personal attitudes. Therefore, providing evidence-based guidance to health professionals regarding the appropriate selection of women who could benefit from CD is a priority.
Both OVD and VBAC should be considered common interventions, which reflect an obstetric practice promoting vaginal birth, and their impact on the overall recourse to CD should be evaluated in population studies. The objectives of this study were to analyze the relations between CD, these practices, and main perinatal outcomes, across hospitals in a large Italian region.
Material and methods
We conducted a retrospective study of prospectively collected data regarding all deliveries that occurred in the 72 hospitals of Lombardy, a region in northern Italy, during the year 2013.
Certificate of Delivery Care (CeDAP) was used as data source. The CeDAP is an Italian National database that represents the main source for the collection of public health and statistical data related to birth events, stillbirths and infants with congenital anomalies in the country. Data are collected by midwives and/or physicians within 10 days from birth and they include maternal, obstetric and neonatal variables. The CeDAP database includes the following data: parents demographic characteristics, previous obstetric history, current obstetric history (for example, type of conception, number of fetuses, number of obstetric visits and ultrasound examinations performed in pregnancy, invasive prenatal diagnosis), gestational age at delivery, mode of labor and mode of delivery, fetal presentation, main neonatal characteristics and outcomes (for example, gender, vitality, main anthropometric parameters, Apgar score at 5 min, congenital anomalies, and the need for resuscitation).
Data on perinatal mortality were obtained from medical records and supplemented with discharge summary data using the International Classification of Diseases ninth revision (ICD-9) codes.
Hospitals were divided into three groups according to the volume of activity (number of births per year): (A) <800; (B) ≥800 and <1500; (C) ≥1500. They were classified also according to the level of intensity of care: level I, obstetric units that assist low-risk pregnancies with gestational age ≥34 weeks and neonatology units that provide support to healthy babies and to neonates born with diseases that do not require admission to the neonatal intensive care unit; level II, obstetric units that assist both lowrisk and high-risk pregnancies, and neonatology units providing care to infants with physiological or pathological conditions, including those who require admission to the neonatal intensive care unit.
Rates of OVD and VBAC were used as indicators of obstetric practice and awareness promoting vaginal birth. Perinatal mortality was defined as number of stillbirths after 180 day of gestation and neonatal deaths in the first week of life per 1000 births.
Pearson's correlation coefficient and logistic regression were used for statistical analysis.
A p-value <0.05 or an odds ratio (OR) with 95% CI not inclusive of the unity were considered significant. Statistics were performed using SPSS version 18.0 (SPSS Inc., Chicago, IL, USA).
The study was exempt from Institutional Review Board approval because it involved existing data and individual identifiers were removed.
Results
We included all deliveries that occurred in the 72 hospitals of the Lombardy Region, during the year 2013, for a total of 87 896 deliveries and 89 590 neonates. Sixty facilities (83.3%) were classified as level I centers and 12 (16.7%) as level II centers. The number of deliveries per hospital ranged from 140 to 6123.
Demographic and obstetric characteristics of the study population by groups A-C are summarized in Table 1 . A significant difference was found for the following variables: maternal age ≥30 years, educational level, gestational age at delivery, number of medically assisted pregnancies, multiple pregnancies, percentage of preterm birth, and rate of VBAC.
Average CD rate was 28.3% (range 9.9-86.4%): 27.6% in nulliparous and 29.0% in multiparous women. Moreover, 37.5% of CD was performed in labor, with a higher frequency for nulliparous than multiparous women (52.6% vs. 22.6%; p < 0.001). Figure 1 describes the overall CD rate in each hospital.
Logistic regression analysis, comparing the CD rate between the groups of hospitals, showed that belonging to group A was an independent risk factor for CD (rate 31.0%, OR 1.1, 95% CI 1.0-1.1); belonging to group B was a protective factor (rate 25.8%, OR 0.9, 95% CI 0.9-0.9). Average OVD rate was 4.7% (range 0.2-10.0%) ( Table 1 ). The rate of OVD was higher in nulliparous than in multiparous women (7.6% vs. 1.7%, p < 0.001).
The relationship between rates of overall CD and OVD was studied to evaluate the obstetric policy of assistance to birth among facilities with different CD rate. Classifying hospitals according to volume of activity showed an inverse but not significant correlation within each group of hospitals (group A, r = À0.332, p = 0.073; group B, r = À0.091, p = 0.712; group C, r = À0.110, p = 0.654). Instead, considering all hospitals together, a significant inverse correlation between CD and OVD was observed (r = À0.249, p = 0.041; Figure 2 ). An OVD rate <2% was an independent risk factor for CD (OR 1.1, 95% CI 1.1-1.2), and a rate higher than 6% was a protective factor (OR 0.9, 95% CI 0.8-0.9).
In our study population, average VBAC rate was 17.3% (range 0-79.2%) ( Table 1) . A significant discrepancy, among hospitals according to volume of activity, was found in the rate of admission to TOLAC [group A, 28.3% (n = 601); group B 33.2% (n = 942); group C 42.6% (n = 2378); p < 0.001]. Conversely, the frequency of vaginal birth among women admitted to TOLAC was similar: group A, 44.4% (n = 267); group B, 46.7% (n = 440); group C, 46.8% (n = 1115); p = 0.549.
Assuming that in facilities with low CD rates there was a policy of promoting VBAC to reduce repeated CD, the relationship between these practices was studied. Classifying hospitals according to volume of activity, a significant inverse relationship between rates of overall CD and VABC was observed within each group of hospitals (group A: r = À0.392, p = 0.032; group B: r = À0.718, p = 0.001; group C: r = À0.600, p = 0.007). Likewise considering all hospitals together, a significant inverse relationship between these practices was demonstrated (r = À0.571, p < 0.001, Figure 2) . A significant correlation was found between CD and TOLAC rates (r = À0.361, p = 0.002).
However, no association was identified between rate of OVD and that of VBAC (r = 0.180, p = 0.143).
Considering the main perinatal outcomes, no correlation between the rate of Apgar score at 5 min <7 in term and late preterm neonates and overall CD rate was found (r = À0.92, p = 0.46, Figure 3 ). Average perinatal mortality rate was 2.8&. No correlation between perinatal mortality and overall CD rates was demonstrated (r = À0.19, p = 0.13, Figure 3 ).
Discussion
In this register-based study we found an inverse relationship between hospital CD rates and rates of both OVD and VBAC. In other words, the facilities with high CD rates had significantly lower rates of both OVD and VBAC. OVD and VBAC are common interventions, which reflect an obstetric practice promoting vaginal birth. The rates of these procedures have declined over the most recent years, whereas rates of total, primary, and repeated CD have increased (2, 16) .
Different strategies have been suggested to lower the CD rate. Chaillet et al. (20) proposed a multi-faceted strategy, involving audits and feedback on CD rates; clinical practice guidelines; quality improvement strategies; reform of hospital and payment policies to eliminate negative incentives; health-professional and patient education; and public reporting. Blomberg (21) showed in a longitudinal study that it was possible to reduce the obstetric interventions and the rate of CD to around 10% without increasing adverse neonatal outcome and with an acceptable level of patient satisfaction. The strategy proposed included the implementation of a "nine-item list" of structured organizational and cultural change, such us monitoring of obstetric results, recruitment of a midwife coordinator, risk classification of women, introduction of three different midwife competence levels, improved teamwork, obstetrical morning rounds, fetal monitoring skills, obstetrical skills training, and public promotion of the strategy. The impact on the CD rates from the use of instrumental deliveries is subject to speculation. Our findings of an inverse relation between OVD and CD rates are in accordance with other analysis from selected high-income countries (9, (22) (23) (24) (25) ; in the UK the rate of OVD is 13% and that of CD 23%, and in the USA the overall rate of OVD is 3%, with a decrease in recent years associated with an increase of CD to 32%. On the contrary, the European Perinatal Health Report 2010 (3), did not find a clear inverse correlation between rates of CD and of instrumental vaginal delivery.
In Europe, OVD rate is approximately 8%, with national rates ranging from 0.5% in Romania to 16.4% in Ireland (3). In our study the rate of OVD was low and varied from 0.2 to 10.0%. In an Irish study, Daly et al. (26) found a similar variation in the rate of instrumental delivery (range 11.7-20.4%).
The optimal rate of OVD is unknown. Variations can reflect differences in obstetric practice during the second stage of labor when the presenting part of the fetus is high or in occipito-posterior position, in the management of second stage according to a policy of immediate or delayed pushing, in the rate of regional analgesia or the degree of maternal cooperation. Moreover, a key factor in the choice of mode of delivery during the second stage of labor is the physician's training. It seems important to promote the educational organizations to maintain OVD in the obstetric skills training of residents (16, 18) .
The published data show that the contribution of repeated CD among pregnancies with a singleton fetus in cephalic presentation at term to the overall rate of CD was 30%, with a relevant decrease in the last years in the rate of VBAC (17) . Although the American College of Obstetricians and Gynecologists (27) , the Royal College of Obstetricians and Gynaecologists (28) and the Italian Health Care Ministry (29) reaffirmed that the opportunity for TOLAC should be made available to most women with one or two previous CD, it is reported that this opportunity is not available to more than 10% of these women both in USA and in Italy (2, 5) .
We found a wide variation in VBAC rate (range 0-79.2%) among hospitals in our population, with a significantly higher rate in greater facilities. Moreover, a significant difference in the frequency of admission to TOLAC was observed, but with no differences in the rate of vaginal birth among these women. As discussed in the literature, some of the reasons for this disparity include concern about the safety of VBAC, uncertainty about whether appropriate emergency care can be offered, and increasing influence of medico-legal liability concerns (30, 31) .
Rosenstein and colleagues (32) have published similar results about both the variation in VBAC rates among hospitals in California and the inverse correlation between VBAC rate and primary CD rate among low-risk nulliparous women with singleton pregnancies at term in vertex presentation. As these authors hypothesized, it seems plausible that facilities in which VBAC is more frequently performed have an organizational culture with policies and healthcare providers that place a higher value on vaginal birth, in general, and are willing to assume some risks to enable women with a previous CD to attempt a vaginal birth. A recent review by Lundgren et al. (33) , evaluating the effects of clinician-centered interventions on VBAC rates, showed that an opinion leader educational strategy conferred benefit for increasing VBAC rates.
Further studies are needed to analyze the discrepancy between clinical practice in the management of women with previous CD and recommendation from main international obstetric societies.
No correlation was identified between OVD and VBAC rates in our study. These results mirror two different obstetric cultures that influence provider decision making, with training more involved in OVD, and "a priori" denial in VBAC. Future research is needed to study the correlation between these two practices. Moreover, we confirmed that a higher CD rate was not correlated with an improvement in perinatal outcomes (34, 35) .
Culture and education of pregnant women is another important aspect to consider. In Italy, for example, it is a common misconception to consider CD a safer mode of birth than vaginal delivery (36) . Most women have insufficient knowledge of common procedures during delivery, their indications and risks. More information and more involvement of the women regarding the advantages of vaginal birth and the risks of the abdominal surgery are needed.
The strengths of our study include the analysis of the CD rate in relation to other obstetric practices and the sample size, as we included about 90 000 births in a large number of different facilities in 1 year.
The weaknesses of our study are its retrospective nature and that data come from a register (CeDAP), with limited variables available for the analysis. Unfortunately, important maternal characteristics such as body mass index, maternal diseases, antepartum or intrapartum complications, use of epidural analgesia, episiotomy, and blood loss at delivery are not collected in this register.
In conclusion, this study showed an inverse relation between the overall CD rate and the rates of OVD and VBAC, which indicates that increased use of these procedures could be associated with a decrease in CD rates. To implement this, we need a change in obstetric culture, continuing education of healthcare providers and women and leadership.
